Aim: To assess the effects of celecoxib and sulfasalazine on cardiovascular risk in patients with ankylosing spondylitis (AS).
INTRODUCTION
Ankylosing spondylitis (AS) is a common chronic inflammatory arthritis affecting predominantly the axial skeleton and peripheral joints. 1 Characteristic symptoms usually seen in AS patients are lower back pain and stiffness which decrease the patient's quality of life. The onset age of AS is predominantly between 15 to 30 years old and AS is mostly associated with human leukocyte antigen (HLA)-B27. 2, 3 AS is a systemic inflammatory disease associated with endothelial injury and dysfunction, which lead to higher risk of cardiovascular disease (CVD) including stroke and myocardial infarction. 4 In average, the mortality rate of AS patients is about 1.6-1.9 times higher than the general population, and those with CVD have an excess mortality rate of 20-40%. 5 Thus, it is essential to know how physicians can decrease AS patients' mortality rates associated with CVD.
Celecoxib is a cyclo-oxygenase (COX)-2 selective non-steroidal anti-inflammatory drug (NSAID). It is used to treat the signs and symptoms of inflammatory diseases such as AS and rheumatoid arthritis. Prior study has revealed that celecoxib showed significant pain-relieving effects in patients with AS. 6 However, some cardiovascular concerns were raised from the literature. 7 Sulfasalazine is a disease-modifying antirheumatic drug (DMARD) used in AS. Study has shown that sulfasalazine may be helpful in relieving pain and improving peripheral arthritis associated with AS. 8 Another study revealed that sulfasalazine showed beneficial effects only in the early stage of AS. 9 However, the effect of sulfasalazine in CVD is unknown. Here we investigated the effects of celecoxib and sulfasalazine in a population-based cohort study.
OBJECTIVE
In this study, we aimed to investigate the effects of celecoxib and sulfasalazine on cardiovascular risk in patients with AS.
PATIENTS AND METHODS

Data sources
We analyzed the claims data of Taiwan National Health Insurance (NHI) database, a nationally representative data that contains the medical records of 23 million Taiwan residents. This database includes disease diagnosis, hospital admissions, outpatient visits and prescriptions from 99% of Taiwan residents. It utilizes International Classification of Diseases-Ninth Revision, Clinical Modification (ICD-9-CM) and thus enables us to estimate the incidence of CVD in both the general population and AS patients with different levels of NSAIDs and sulfasalazine exposure.
AS cohort
As shown in Figure 1 , a total of 1 000 000 patients were randomly sampled from the Taiwan NHI database. Patients above the age of 18 and logged in the claims database between January 1, 2005, and December 31, 2010, were retrieved. In our study, patients who were diagnosed with AS using the ICD-9-CM (code 720.0) and had at least two outpatient visits or one inpatient care, were selected. After 730 patients who were diagnosed with AS before 2005 and 193 patients who had any CVD before the diagnosis of AS were excluded, 1208 AS patients were included as cases. Patients who were not diagnosed with AS were wellmatched as the control group. In the control group, we excluded 49 912 patients who were diagnosed with CVD before 2005. Propensity score, a score commonly used in research to balance measured variables between treated and untreated subjects, was used to match the controls (1 : 16) by age, gender, Charlson comorbidity index, hypertension and hyperlipidemia. As a result, the control group encompassed 19 328 patients.
NSAIDs and sulfasalazine treatment
The NSAIDs prescribed in the claims database were categorized into non-selective NSAIDs and specific COX-2 inhibitors. Defined daily dose (DDD) was utilized as a tool to evaluate the dosage of NSAIDs and sulfasalazine. According to the World Health Organization (WHO), DDD is defined as the assumed average maintenance dose per day for a drug used for its main indication in adults. 10 Cumulative DDD was used to assess the cumulated dose of the respective drug. According to cumulative DDD, participants were divided into three groups: low, median and high dose. While according to DDD, patients taking celecoxib were divided into three groups: < 1 DDD, 1-1.5 DDD, > 1.5 DDD (1 
Outcomes
In this study, CVD including cerebral vascular diseases and coronary heart diseases (ICD-9 410-414, ICD-9 430-438) were used as the endpoint.
Statistical analyses
Univariate analyses were conducted to examine descriptive statistics and to determine the effects of different drugs on CVD outcomes. t-tests and Chi-squared tests were performed to compare continuous and dichotomous variables, respectively. Cox proportional hazards models were used to estimate the crude and adjusted hazard ratios (HRs) and 95% confidence interval (CI) for the CVD risk associated with drugs use. In this study, we utilized Charlson Comorbidity Index (CCI), a method that provides a total comorbidity score for predicting mortality, to measure the burden of comorbidities besides controlling for comorbid conditions in both the experimental and control groups. Important risk factors including age, gender, CCI, hypertension, hyperlipidemia and drugs used were integrated into the models. Kaplan-Meier analysis was performed to compare the 6-year cumulative incidence of CVD between AS and non-AS patients and the difference between the curves was evaluated by log-rank test. A CI of 95% was calculated for all mean values, and a P-value of < 0.05 was regarded as significant.
RESULTS
A total of 20 536 patients were recruited from the claims database. Demographic data and risk factors for CVD are listed in Table 1 Figure 2 . Patients older than 65 years had a CVD risk of 11.63 times higher than patients aged between 18 to 39 years (HR = 11.63; 95% CI = 10.18-13.29; P < 0.01). Cardiovascular diseases risk was greater with higher CCI scores (CCI = 1: HR = 1.62, 95% CI = 1.50-1.76, P < 0.01; CCI ≥ 2: HR = 1.71, 95% CI = 1.52-1.92, P < 0.01). Patients with hypertension (HR = 1.98; 95% CI = 1.82-2.15; P < 0.01) and hyperlipidemia (HR = 1.35; 95% CI = 1.21-1.49; P < 0.01) were at increased risk for CVD as well. Both NSAID and sulfasalazine uses were associated with lower risk of CVD, but only NSAID use resulted in significant differences (celecoxib: HR = 0.76, 95% CI= 0.66-0.86, P < 0.01; etoricoxib: HR = 0.36, 95% CI = 0.25-0.52, P < 0.01; naproxen: HR = 0.82, 95% CI = 0.74-0.91, P < 0.01; diclofenac: HR = 0.53, 95% CI = 0.49-0.57, P < 0.01; sulfasalazine: HR = 0.78, 95% CI = 0.58-1.06).
As shown in Figure 3 , celecoxib had protective effects against CVD in AS patients when administered in high cumulative DDD (HR = 0.39; 95% CI = 0.20-0.77; P < 0.01). Sulfasalazine at high cumulative DDD also decreased CVD risk in AS patients (HR = 0.44; 95% CI = 0.20-0.98; P < 0.05). For the control group which was exposed to celecoxib due to other medical conditions, there was a significant decrease in CVD risk when the drugs were administered in median and high cumulative DDD (median DDD: HR = 0.72, 95% CI = 0.58-0.91, P < 0.01; high DDD: HR = 0.69, 95% CI = 0.53-0.90, P < 0.01). Figure 4 indicated that all doses of both celecoxib and sulfasalazine exerted protective effects against CVD in AS patients in a dose-dependent manner, but only the administration of sulfasalazine at ≥ 0.5 DDD resulted in significant differences (HR = 0.65; 95% CI = 0.43-0.998; P < 0.05).
DISCUSSION
Our results showed that AS patients had higher risk of CVD than non-AS controls. Surprisingly, sulfasalazine at certain doses demonstrated a protective effect against CVD in AS patients.
In our study, only celecoxib and sulfasalazine were analyzed with respect to DDD. This is because in Taiwan, all NSAIDs besides celecoxib were manufactured under different trade names and are further categorized into different dosages. At the same time, celecoxib was manufactured under only the brand name of Celebrex. Therefore, the possibility of making biased evaluation of the other NSAIDs has led to the decision to analyze only the effects of celecoxib at different dosages.
In recent years, concerns have arisen about the cardiovascular safety of selective COX-2 inhibitors due to initial reports of adverse effects of rofecoxib. In Cardiovascular Events Associated with Rofecoxib in a Colorectal Adenoma Chemoprevention Trial, a two-fold increase in cardiovascular risk was seen after 18 months of treatment with rofecoxib.
11 Does celecoxib have the same adverse cardiovascular effects as well? Some researchers provided evidence that the use of celecoxib may increase cardiovascular risk. In the APC study, the HR was 2.5 for celecoxib 200 mg twice daily and 3.4 for celecoxib 400 mg twice daily compared to placebo for the composite endpoint of death from cardiovascular causes, myocardial infarction or stroke. 12 In other words, the use of celecoxib is associated with doserelated increase in CV risk. However, in the Celebrex Long-Term Arthritis Safety Study (CLASS), no difference was observed for serious adverse cardiovascular events between celecoxib, ibuprofen and diclofenac. 13 In comparison to the CLASS study, our study further revealed that celecoxib had protective effects against CVD. This is possibly due to the anti-inflammatory effects of celecoxib on reducing CVD risk, since systemic inflammation is an independent predictor of CVD among AS patients.
14 Further, CVD risk caused by NSAIDs is associated with the extent to which the NSAID inhibits COX-2 dependent prostacyclin production. 15 As celecoxib exhibits a lesser inhibition of COX-2 when compared with rofecoxib, its risk for CVD is presumed to be reasonably lower.
Our results showed that sulfasalazine conferred protective effects against CVD in a dose-dependent manner. This is in accordance with previous research that revealed the protective role of DMARDs in CVD among AS patients. 16, 17 Several mechanisms have been proposed for this association. First, DMARD relieves arthritic symptoms and allows patients to increase physical activity which is good for cardiovascular health. Second, patients treated with DMARDs showed significant improvement in dyslipidemia after 1 year. 18 Also, it is commonly known that CVD is associated with inflammation. As an anti-inflammatory drug, sulfasalazine may have beneficial effect on stable coronary heart disease by controlling carotid arterial remodeling and inflammation-induced endothelial dysfunction. 19 Similarly, methotrexate, an important DMARD agent that has been used in rheumatoid arthritis for years has also been proven to be associated with decreased risk for CVD in RA patients. 20 Since both sulfasalazine and methotrexate have potent anti-inflammatory effects in common, it is reasonable to suggest that the anti-inflammatory effect plays an important role in protecting against CVD.
One limitation of this study was the short-term follow-up periods of 5 years after the patients were diagnosed with AS. Due to the possibility that CVD may have an induction period of more than 5 years, we might have underestimated the incidence rate of CVD related to AS. Second, the diagnosis of AS in our study was established by clinicians using diagnostic codes from ICD-9-CM, rather than independent validation of the Assessment in AS International Working Group (ASAS) classification criteria. This is because the outpatient and inpatient claims data in Taiwan NHI research database was recorded using ICD-9-CM diagnostic codes. Nevertheless, every ICD code in the database was validated and has been continually reviewed by several NHI inspectors. Therefore, the diagnostic accuracy of our study is warranted.
Third, there stands a chance we missed some AS patients who were diagnosed and followed up at the local clinic and these data could not be traced in the database. The extent to which our results can be generalized to other countries is also an issue of concern.
Although much remains to be done, our work did provide concrete recommendations on optimal doses of sulfasalazine in people at risk for CVD. The evidence that sulfasalazine can be safely administered in AS patients and even benefits them is of great significance due to the fact that the drug is widely used in the population. As there have been relatively few studies addressing this issue, further research to examine the safety profiles of these two drugs are warranted. Figure 4 Risks of cardiovascular diseases associated with celecoxib and sulfasalazine use which were measured in defined daily dose (DDD). (a) Celecoxib in ankylosing spondylitis (AS) group, (b) celecoxib in control group, (c) sulfasalazine in AS group, (d) sulfasalazine in control group. For celecoxib users, drug exposure was categorized into < 1 DDD, 1-1.5 DDD, > 1.5 DDD; for sulfasalazine users, drug exposure was categorized into < 0.5 DDD, ≥ 0.5 DDD.
